The long-term outcome of kidney transplantation in patients infected with hepatitis C virus (HCV) and end stage renal disease (ESRD) is not well described. We retrospectively identified 230 HCV-infected patients using enzyme immunoassay and nucleic acid testing obtained during the transplant evaluation. Of 207 patients who had a liver biopsy before transplant, 44 underwent 51 follow-up liver biopsies at approximately 5-year intervals either while on the waitlist for a kidney or after kidney transplantation. Advanced fibrosis was present in 10% of patients biopsied, identifying a population that may warrant consideration for combined liver-kidney transplantation. Kidney transplantation does not seem to accelerate liver injury; 77% of kidney recipients who underwent follow-up biopsies showed stable or improved liver histology. There was a higher risk for death during the first 6 months after transplant, but undergoing transplantation conferred a long-term survival advantage over remaining on the waitlist, which was evident by 6 months after transplant (HR, 0.32; 95% CI, 0.17 to 0.62). Furthermore, the risk for death resulting from infection was significantly higher during the first 6 months after transplant (HR, 26.6; 95% CI, 5.01 to 141.3), whereas there was an early (Յ6 months) and sustained decrease in the risk for cardiovascular death (HR, 0.20; 95% CI, 0.08 to 0.47). In summary, these data suggest the importance of liver biopsy before transplant and show that kidney transplantation confers a long-term survival benefit among HCV-infected patients with ESRD compared with remaining on the waitlist. Nevertheless, the higher incidence of early infection-related deaths after transplant calls for further study to determine the optimal immunosuppressive protocol.
Twenty years after its identification, hepatitis C virus (HCV) is a global health problem that affects approximately 170 million people worldwide while also being a major cause of end-stage liver disease leading to liver transplantation. 1, 2 The prevalence of HCV infection in patients with chronic kidney disease (CKD) exceeds the general population, 3 and HCV is not only causative of kidney disease 4 -10 but also contributes to increased morbidity and mortality in patients with established CKD. [11] [12] [13] [14] [15] Recent guidelines from the Kidney Disease: Improving Global Outcomes workgroup 16 provided recommendations for diagnosis and treatment of HCV in patients with CKD; however, many of the guidelines are largely opinion-based because of limitations of available data. By design, the major published studies on the natural history of HCV infection 2, 17, 18 and the important prospective trials of IFN and ribavirin therapy excluded patients with CKD. 19 -22 Kidney transplantation is recognized as the renal replacement therapy of choice for patients with ESRD. Wolfe et al. 23 showed that transplantation was associated with a 68% reduction in long-term mortality compared with remaining on the kidney waiting list. This benefit was present despite an early (0 to 3 months) increase in mortality in the transplanted cohort. Several studies have suggested that HCV-infected ESRD patients on maintenance hemodialysis 11 and after kidney transplantation 12 have an increased relative risk of death compared with HCV-negative controls. Of importance, however, is that the survival advantage associated with transplantation is still present in HCV-infected ESRD patients. Pereira et al. 14 showed that anti-HCV-positive patients receiving a kidney transplant had a relative risk of death of 0.31 in the 7-to 48-month posttransplant period compared with patients remaining on the waitlist. Because this was a registry analysis, liver biopsies and nucleic acid testing (NAT) were not available. Nevertheless, the striking benefit of transplantation on mortality was consistent with the findings of Wolfe et al. 23 for the general kidney transplant population.
This study is a single center analysis of clinical outcomes over approximately 20 years in 230 consecutive patients determined to be HCV-infected during their pretransplant evaluation. The pretransplant process included baseline liver histology, NAT, and longitudinal follow-up in all patients except those lost to follow-up. Sequential liver biopsies were obtained in approximately 25% of the waitlisted and transplanted cohort. Because cause of death was documented, we were able to assess the impact of transplantation on both cause-specific and all-cause mortality.
RESULTS

Patient Characteristics at Referral
HCV infection was identified in 230 patients. Patient demographics are reported in Table 1 and are unremarkable except for a higher percentage of Hispanic patients than national averages. Of note, 14 patients (6%) were Enzyme-linked Immunosorbent Assay (EIA) negative but NAT positive at referral. Baseline liver histology (n ϭ 207) showed that 80 (166/207), 10 (20/207), 6 (12/207), and 4% (9/207) of the patients had stages 0/1, 2, 3, and 4 (cirrhosis), respectively. Importantly, all of the stage 3/4 patients (n ϭ 21) had clinically well-compensated liver disease at the time of referral.
Of the 230 patients diagnosed with HCV infection, 159 were eventually listed with United Network Organ Sharing, and an additional 16 received a living donor transplant without being listed ( Figure 1 ). There were 32 patients biopsied during the pretransplant process that were never listed or transplanted. In this group, the distribution of liver disease from stage 0 to 4 was 43.7, 12.5, 15.6, 9, and 18.8%, respectively. Thirteen patients received anti-viral treatment for HCV infection at some time before wait listing; however, all were NAT positive when listed. Four patients tested positive for hepatitis B surface antigen, two of whom were listed but never transplanted.
Pretransplant Outcomes
Of the 175 patients who completed their pretransplant evaluation (Table 1) , 110 (63%) were subsequently transplanted (Figure 1 ), including 19 living donor, 91 deceased donor, and 14 simultaneous kidney-pancreas (SPK) transplants. Twentyeight of 175 patients (16%) died before transplant (24 while still listed and 4 others after being removed from the list) sec- ondary to cardiovascular (n ϭ 19), infection (n ϭ 2), liver failure (n ϭ 1), other (n ϭ 3), and unknown (n ϭ 3) causes.
Stepwise Cox regressions of pretransplant any-cause and cardiovascular death rates showed that being listed for a SPK transplant (i.e., having type 1 diabetes; P Ͻ 0.001) and older age at listing (P ϭ 0.02 for any cause and P Ͻ 0.001 for cardiovascular death) were associated with an increased mortality.
Post-Transplant Outcomes
Death-censored kidney graft failure occurred in 15% (17/110) of the patients. One additional patient had primary nonfunction. Causes of graft failure were chronic allograft nephropathy (n ϭ 10), membranoproliferative glomerulonephritis (n ϭ 4), acute rejection (n ϭ 1), diabetic nephropathy (n ϭ 1), and hepatorenal syndrome (n ϭ 1). Biopsy-proven acute rejection occurred in 16/110 patients; median time-to-biopsy-proven acute rejection (range) was 7 (0.3 to 93) months. Of the patients with rejection, 8/16 (50%) ultimately developed graft failure in contrast to 9.6% (9/94) of those without rejection.
Median time-to-graft failure was 64 (12 to 98) months. Death with a functioning graft (DWFG) occurred in 29/110 (26%) patients at a median of 37 (1 to 111) months after transplant. Causes of DWFG were infection (n ϭ 12; lung infection ϭ 7, other sepsis ϭ 5), cardiovascular (n ϭ 11), malignancy (n ϭ 2, one hepatocellular carcinoma), liver failure (n ϭ 1), and other (n ϭ 3). In multivariable analysis, receiving a SPK transplant (P ϭ 0.01), age at transplant Ն55 years (P ϭ 0.02), and white race (P ϭ 0.03) were associated with a higher hazard rate of DWFG. For the entire group, induction therapy was not associated with the DWFG rate because of infection. In addition, there were seven deaths that occurred after graft failure from infection (n ϭ 2), cardiovascular (n ϭ 2), liver failure (n ϭ 2), and unknown (n ϭ 1). Median time-to-death after graft failure was 4 months.
Several other outcomes were of clinical interest. New-onset diabetes after transplant occurred in 19/77 (25%) kidneyalone recipients who were not diabetic before transplant. Of note, only one post-transplant patient was treated with IFN, and this patient developed antibody-mediated rejection resulting in graft failure. Patient survival at 1, 5, and 10 years after transplant for kidney-alone patients was 94 Ϯ 3, 83 Ϯ 4, and 57 Ϯ 7%, and graft survival (death uncensored) was 94 Ϯ 3, 76 Ϯ 5, and 40 Ϯ 7%, respectively ( Figure 2 ).
In multivariable analysis, three factors were found to be associated with significantly higher rates of any-cause and cardiovascular death: being listed for a SPK transplant (i.e., having type 1 diabetes; P ϭ 0.002 and Ͻ0.001), older age at transplant (Ն55 years for any-cause, P ϭ 0.002; as a continuous variable for cardiovascular death, P Ͻ 0.001), and white race (P ϭ 0.03 in both models). Being listed for a SPK transplant (P ϭ 0.02) was the only factor associated with a significantly higher infection death rate.
Effect of Transplant Status on Survival
We tested the effect of transplant status as a time-dependent covariate on the hazard rate of death for the 175 transplant candidates. Because likelihood ratio tests did not support the use of smaller post-transplant intervals, the final Cox model included only three distinct time period effects of transplantation (0 to 6, 7 to 84, and Ͼ84 months). During the first 6 months after transplant (Table 2) , the hazard ratio (HR) of death adjusted for SPK listing, age Ն55 years, and white race (the variables found to be associated with a higher rate of death because of any cause) was 2.51 (95% confidence interval [CI], 1.12, 5.66; P ϭ 0.03). In contrast, the post-transplant effect during the 7-to 84-month period was notably favorable with an HR of death of 0.32 (95% CI, 0.17, 0.62; P Ͻ 0.001). For the period Ͼ84 months, the observed HR of 0.74 did not achieve significance (95% CI, 0.19, 2.92; P ϭ 0.66). A cumulative hazard plot of the impact of transplantation (without adjustment for covariates; Figure 3 ) shows that the death rate (slope of the curve) during the first 6 months after transplant was significantly higher, whereas the death rate beyond 6 months after transplant was significantly lower in comparison with before transplant.
To more precisely identify the impact of kidney transplantation on survival, cause-specific hazard rates of death were analyzed. During the first 6 months after transplant, the HR of death caused by infection (adjusted for SPK listing) was 26.6 (95% CI, 5.01, 141.3; P Ͻ 0.001; Table 3 ). Although the HR remained Ͼ1 beyond 6 months after transplant, this effect was not significant (P ϭ 0.54). In contrast, a significantly favorable and consistent impact of transplantation on the HR of cardiovascular death was observed, with the overall hazard rate of death (adjusted for SPK listing, age at listing, and white race) being 0.20 (95% CI, 0.08, 0.47; P Ͻ 0.001; Table 4 ; Figure 4 ). Regarding the HR of death caused by other causes, no significant impact of transplantation was observed (overall HR, 0.86; P ϭ 0.82). Thus, the unfavorable impact of trans- plantation on all-cause mortality during the first 6 months after transplant seems to be caused by a significantly higher infection death rate during that period. Conversely, the favorable impact of transplantation on all-cause mortality beyond 6 months after transplant is explained by a significantly lower cardiovascular death rate that takes effect early after transplant and remains consistent over time.
Liver Disease Progression
More than one liver biopsy was performed in 44 patients (7 patients had three biopsies). Median (range) time between biopsies were 57 (8 to 117) and 76 (27 to 139) months for patients in whom the follow-up biopsy was obtained while the patient was still waitlisted (n ϭ 13) versus after transplant (n ϭ 31), respectively. The mean change in fibrosis (ϮSD) was 0.28 Ϯ 0.64 versus 0.04 Ϯ 0.26 per year (P ϭ 0.08) for the pretransplant versus post-transplant follow-up biopsies, respectively. Although this difference did not achieve significance, it is important to note that 16% (5/31) of the liver biopsies obtained after transplant showed histologic improvement when compared with the baseline pretransplant sample, whereas only 23% (7/31) showed progression of liver injury. This result is in distinct contrast to the ongoing wait listed patients in whom 62% (8/13) of the follow-up liver biopsies showed interval worsening of the fibrosis score (P ϭ 0.03). Daclizumab was the sole induction agent used in 14 of the 31 kidney recipients who underwent a repeat post-transplant liver biopsy. In this subgroup, the fibrosis progression rate was 0.18 Ϯ 0.28 per year compared with Ϫ0.08 Ϯ 0.18 in the remaining 17 patients who (in all but one case) received a lymphocyte-depleting agent (P ϭ 0.005). In a separate analysis of maintenance immunosuppressive medication, we did not find an association between the progression of liver disease and receiving any particular medication.
DISCUSSION
This is the largest single-center study and first to our knowledge of HCV-infected ESRD patients where baseline pretransplant liver histology was available for comparison to subsequent biopsies obtained on ongoing wait-listed (n ϭ 13) and post-transplant patients (n ϭ 31). Importantly, we were able to show that, despite many years of immunosuppression, liver histology remained stable (or even improved) in the majority of re-biopsied transplant patients, whereas liver injury progressed more commonly in patients Figure 3 . Transplant recipients whose transplant occurred more than 6 months ago have the lowest hazard rate of death post-listing compared to patients whose transplant occurred during the past 6 months or those in the pretransplant state. Cumulative hazard plot of the hazard rate of death after listing, using time-dependent covariate methodology to compare three patient states: transplant occurred during the past 6 months (n ϭ 110, 9 deaths; P ϭ 0.02 versus pretransplant), pretransplant (n ϭ 175, 28 deaths), and transplant occurred Ͼ6 months ago (n ϭ 95, 27 deaths; P ϭ 0.01 versus pretransplant). Tx, transplant. a Three distinct post-transplant effect time periods, adjusting for three significant baseline covariates. Of note, the effect of kidney transplantation during six distinct post-transplant time periods was initially considered, i.e., 0 to 3, 4 to 6, 7 to 12, 13 to 48, 49 to 84, and Ͼ84 months. Likelihood ratio tests of the impact of transplantation were not significantly different (1) during the first two periods (i.e., 0 to 6 months, P ϭ 0.20) and (2) during the next three periods (i.e., 7 to 84 months, P ϭ 0.73). Among the 36 post-transplant deaths, there were 9, 17, and 10 deaths that occurred during 0 to 6, 6 to 84, and Ͼ84 months after transplantation, respectively. b Likelihood ratio test (with 1 df) for equality of the post-transplant effects during 0 to 6 and 6 to 84 months after transplant yielded P Ͻ 0.001. c Likelihood ratio test (with 1 df) for equality of the post-transplant effects during 6 to 84 and Ͼ84 months after transplant yielded P ϭ 0.22. d All patients listed for a kidney-pancreas transplant were type 1 diabetics.
who remained on the waitlist and had a follow-up biopsy. In addition, the results showed that for the HCV-infected ESRD patient, kidney transplantation is associated with a survival advantage over remaining on dialysis. Because this was not a registry analysis, we were able to determine the impact of transplantation on cause-specific death in this cohort; these data were not previously available. Several studies have shown that HCV infection confers an increased mortality risk to both dialysis and kidney transplant patients. 11,12,24 -26 In a meta analysis, Fabrizi et al. demonstrated an independent, significant impact of HCV on mortality in both dialysis 11 and transplant patients, 12 with summary relative risk estimates of 1.57 (95% CI, 1.33, 1.86) and 1.79 (95% CI, 1.57, 2.03), respectively. Nevertheless, the survival advantage conferred by kidney transplantation in the general ESRD population 23 is still present in the subset of HCV-infected patients. 14,27-29 Our results confirmed these findings and furthermore showed that, although there was an increased HR of death during the first 6 months after transplant, this was followed by an unequivocal survival advantage out to 7 years. In addition, our 10-year patient and graft survival rates of 57 and 40% are only slightly less than the outcomes available in the Scientific Registry of Transplant Recipients of 65 and 43%, respectively. 30 Although prior studies have shown an overall increased risk of death from infection in HCV-infected kidney transplant recipients, 3, 31, 32 this study showed that the increased death rate from infection occurs in the early (Ͻ6 months) post-transplant period. This raises as yet unanswered questions about the contribution of HCV infection to this increased mortality and suggests that one approach may be to modify the immunosuppression administered during this period. In contrast, the estimated HR of death from a cardiovascular event was 0.20 (95% CI, 0.08, 0.47; P Ͻ 0.001), an effect that became evident early after transplantation and remained consistent over time. No Figure 4 . The cumulative hazard rate of death due to a cardiovascular event post listing is significantly lower in the post transplant patients compared to those in the pretransplant state. Cumulative hazard plot of the hazard rate of death caused by a cardiovascular event after listing, using time-dependent covariate methodology to compare two patient states: pretransplant (n ϭ 175, 19 deaths) versus post-transplant (n ϭ 110, 13 deaths; P ϭ 0.002). Tx, transplant. a Two distinct post-transplant effect time periods, adjusting for the single significant baseline covariate. Among the 14 post-transplant infection deaths, the numbers occurring during 0 to 6 and Ͼ6 months after transplantation were 7 and 7, respectively. b Likelihood ratio test (with 1 df) for equality of the post-transplant effects during 0 to 6 and Ͼ6 months after transplant yielded P Ͻ 0.001. c All patients listed for a kidney-pancreas transplant were type 1 diabetics. Tx, transplant. a One overall effect of transplantation over time, adjusting for three significant baseline covariates. Of note, by allowing three distinct time period effects during 0 to 6, 7 to 84, and Ͼ84 months after transplant, the estimated hazard ratio was Ͻ1 during each period with no significant differences (P ϭ 0.45). Among the 13 post-transplant cardiovascular deaths, there were 1, 6, and 6 deaths that occurred during 0 to 12, 12 to 84, and Ͼ84 months after transplantation, respectively. b All patients listed for a kidney-pancreas transplant were type 1 diabetics.
other published study evaluating the impact of kidney transplantation in HCV-infected patients has, to our knowledge, shown cause-specific effects for each of the major causes of death, particularly this apparently dramatic relationship between kidney transplantation and reduction in cardiovascular mortality. Pretransplant liver biopsies from 207 patients showed that, although the majority of patients had no fibrosis, approximately 10% had stage 3/4 disease. This is in concordance with other published studies [33] [34] [35] [36] [37] and emphasizes the importance of the pretransplant liver biopsy in identifying well-compensated ESRD patients with advanced liver disease. As recommended by the Kidney Disease: Improving Global Outcomes workgroup, 16 patients with advanced liver disease should be cautiously considered for kidneyalone transplant and perhaps referred for combined liverkidney transplantation.
The natural progression of HCV-associated liver disease in the immunocompetent population without kidney disease has been well described. 18, 38 In contrast, the histologic course of liver disease in HCV-infected ESRD patients is less well defined. Data in the dialysis population are scant, and there are conflicting results from studies examining sequential posttransplant biopsies without the benefit of pretransplant samples. Using a matched immunocompetant control group, Zylberberg et al. 39 reported more rapid progression of liver fibrosis in renal transplant recipients, whereas Alric et al. 40 found just the opposite, with slower progression in the transplanted cohort. Interestingly, Kamar et al. 41 reported variable outcomes including progression, stability, and even improvement in liver fibrosis among patients who underwent more than one post-transplant liver biopsy. It is important to emphasize that, unlike this analysis, none of the available studies had baseline pretransplant liver histology available for comparative purposes.
This study describes the progression of liver fibrosis both before and after kidney transplantation in a subset of patients who agreed to follow-up liver biopsies. Interestingly, 16% of the post-transplant biopsies showed histologic improvement compared with the pretransplant baseline sample, whereas 62% of the sequential pretransplant biopsies showed interval worsening of the fibrosis score, a finding found in only 23% of the post-transplant biopsies. Of note, in a subset analysis of patients who received daclizumab, the progression rate was significantly worse than in patients who had received lymphocyte-depleting induction therapy. Similar results using daclizumab have previously been reported in orthotopic liver transplant recipients, although not in comparison with a lymphocyte-depleting agent. 42 The full impact of the immunosuppressive burden administered to a transplant recipient cannot be fully assessed if limited to comparing only sequential post-transplant biopsies without a pretransplant baseline sample, as this study provides in a subset of the patients.
This study has several limitations. The data were retrospectively obtained and thus lacks power to avoid potential selection bias. Second, the sample size limits our ability to draw conclusions about small-to-moderate differences with good statistical power. In this context, there were only 14 SPK recipients, with 6/14 having a history of a previous transplant; thus, outcomes in this subgroup must be interpreted cautiously. Finally, only 44 of the 175 transplant candidates had a follow-up liver biopsy, either because of patient refusal, being lost to follow-up, or insufficient time elapsed since the first biopsy. Although our study represents the largest reported cohort of patients with pretransplant liver biopsies, the number of patients with follow-up biopsies must be taken into consideration when interpreting the results.
In conclusion, the results of this study showed that kidney transplantation is the preferred renal replacement therapy for HCV-infected ESRD patients. A thorough pretransplant screening for HCV infection that includes both EIA and NAT is necessary to identify EIA-negative, NAT-positive patients. 43, 44 Importantly, a liver biopsy is essential so that clinically wellcompensated patients with advanced liver injury can be identified and referred for combined liver-kidney transplantation. The increased early HR of death (0 to 6 months) in our study is similar to that reported for the general kidney transplant population 23 ; however, we were able to identify infection deaths as the explanation for the increased early mortality. This finding should focus the attention of further studies on determining the safest combination of induction and maintenance immunosuppression for the HCV-infected kidney and SPK recipient. Our data suggest that most patients with untreated HCV infection do not have significant progression of liver disease after successful kidney transplantation.
CONCISE METHODS
Patients
Starting in 1990, all patients being evaluated at the University of Miami/Jackson Memorial Hospital Kidney Transplant Program were screened for anti-HCV antibody using first-generation and then subsequent versions of the EIA assay as they became available. Beginning in 1995, all candidates were screened for HCV viremia by nucleic acid testing. Stored serum samples from patients seen and evaluated between 1990 and 1995 were also tested by NAT. All patients were tested for hepatitis B surface antigen.
Patients with a positive EIA and/or NAT had a liver biopsy as part of their pretransplant evaluation. One patient with a stage 0 biopsy at the time of listing had progressed to stage 4 liver disease on a clinically indicated repeat liver biopsy but remained on the list and received a kidney-alone transplant nonetheless. This patient died of liver failure at 18 months after transplant. Two other patients with stage 4 liver disease were listed early-on in our clinical experience but were delisted because of medical complications and were never transplanted. Subsequent to the poor outcome in the above described case, all patients with stage 4 liver disease were referred for consideration of combined liver-kidney transplantation. Patients with stage 3 liver disease were felt to be acceptable kidney-alone candidates. Patients were asked to have a follow-up liver biopsy at approximately 5-year intervals while on the waitlist or after transplantation, although biopsies may have been obtained earlier if clinically indicated. None of the patients received a kidney from an HCV-infected donor. All patients listed for a SPK transplant had type 1 diabetes as documented by stimulated Cpeptide measurement. SPK recipients received similar immunosuppression as the kidney-alone recipients.
New-onset diabetes after transplant was defined as a consistent fasting blood sugar Ն126 mg/dl in a transplanted patient not previously known to be diabetic. Patient information was collected from time of referral until death, loss to follow-up, or February 1, 2009, whichever occurred earlier. The study was approved by the University of Miami Institutional Review Board.
Immunosuppression
Antibody induction therapy was administered to 104/110 recipients. Patients transplanted in the early 1990s received anti-lymphocyte globulin or OKT3 (Muromonab-CD3; Ortho Biotech, Bridgewater, NJ). Subsequently, daclizumab (Zenapax; Roche, Nutley, NJ), antithymocyte globulin (Thymoglobulin; Genzyme, Cambridge, MA), or a combination of both agents were used. In the early years, patients received cyclosporine, azathioprine, and corticosteroids as maintenance immunosuppression. When tacrolimus and mycophenolate mofetil became available, these agents combined with low-dose corticosteroids became the primary maintenance immunosuppressive protocol at our center. 45, 46 Rejection episodes were documented by biopsy and treated with high-dose corticosteroids and/or antibody as clinically indicated.
Hepatic Histology
Change in liver histology in patients having more than one biopsy were assessed by determining the change in the stage of fibrosis as per the METAVIR scale (scored as 0 to 4, with stage 0 having no fibrosis and stage 4 representing cirrhosis) over time. 47 The rate of progression was calculated as the absolute change in stage from baseline to most current biopsy divided by the number of years elapsed between biopsies.
Statistical Analysis
Variables analyzed for their prognostic value via Cox stepwise regression multivariable models included date of listing (or transplant), age at listing (or transplant), time from listing to transplant, race/ethnicity, gender, primary transplant versus retransplant, original disease (types 1 and 2 diabetes, glomerulonephritis, etc.), listed (received) kidney alone versus SPK, received deceased donor (versus living donor) kidney, donor age, developed delayed graft function (yes/no), number of HLA mismatches, panel reactive antibody, initial dialysis date, age at start of dialysis, time from start of dialysis to listing (or transplant), induction antibody received, initially received tacrolimus (yes/ no), initially received mycofenolate mofetil (yes/no), time from baseline liver biopsy to listing (or transplant), and baseline liver biopsy stage of fibrosis and grade of inflammation. These variables were used to determine the significant prognostic factors for the postlisting hazard rate of pretransplant death, post-transplant hazard rates of kidney graft failure (censored for death and primary nonfunction) and DWFG, and the postlisting hazard rate of death, combining pre-and post-transplant follow-up. By using the stepwise procedure in the Cox model, only the statistically significant baseline predictors would be retained in a multivariable model. Cause-specific HR analyses of the primary causes of death (cardiovascular, infection, and other) were also performed. The impact of transplantation was assessed using a Cox model with months since listing as the time variable and time-dependent covariates to represent the effect of transplantation during distinct post-transplant time periods while simultaneously adjusting for the significant baseline covariates. 23,48 -50 Nonparametric graphical display of the impact of transplantation was performed using Nelson-Aalen cumulative hazard plots, allowing correct time-dependent accounting of each patient's follow-up within the various pre-and posttransplant states. Last, to use all patients who successfully completed their pretransplant evaluation in analyzing the impact of kidney transplantation, the 16 patients who received a living donor kidney transplant without being placed on the United Network for Organ Sharing list were assigned a pretransplant waiting time of 2 months for purposes of analyses (the approximate time required to prepare for a living donor transplant at our center).
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